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Suffolk  breed  is known  to display  a clear  seasonal  reproductive  response  orchestrated  by
the  signiﬁcant  annual  variation  in  photoperiod  related  to its  latitude  of  origin.  However,
in  the  low  latitudes  of the  tropical  and  subtropical  environments  the  magnitude  and  tim-
ing of  these  responses  in Suffolk  rams  has  been  poorly  investigated.  This  study  aimed  to
quantify  changes  on  andrological  parameters  in Suffolk  rams  kept under  natural  light/dark
cycle  and  climate  in  the  south  of  Brazil  (25◦25′40′ ′ S, 49◦16′23′ ′ W).  Rams  were  monitored
during  1 year  for testicular  size,  seminal  parameters  and  serum  testosterone.  From  autumn
to winter,  under  shortening  daylength,  rams  underwent  a signiﬁcant  gonadal  involution.
Testicular  size  increased  in spring  and reached  a peak  in  summer,  similar  to the  latitude
of which  this  breed  originates.  Parallel  to  scrotal  circumference,  other  parameters  such as
testicular  volume,  serum  testosterone  concentration,  ejaculate  volume  and  sperm  concen-
tration followed  a seasonal  proﬁle.  Testosterone  levels  followed  the same  seasonal  pattern
as testicular  size.  Ejaculate  volume  was  signiﬁcantly  lower  during  autumn  and winter  and
higher values  of sperm  concentration  were  detected  in  spring.  Furthermore,  there  were
no signiﬁcant  changes  in spermatozoa  defects,  motility,  weave  motion  or  vigor  between
seasons.  In  this  paper we  analyze  the  impact  of seasonality  over  testis  function  in  Suffolk
rams  at lower  latitudes.
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. Introduction
The gonadal activity cycle is a well documented event in
any breeds of sheep reared under controlled photoperiod
Boland et al., 1985; Jackson et al., 1990; Gómez-Brunet
t al., 2008) and at high latitudes (Lincoln et al., 1990;
andiki et al., 1998a,b; Dickson and Sanford, 2005;
ündogan, 2007; Sarlós et al., 2013). Ample evidences
lready exist in the literature to support that gonadal func-
ion of high-latitude rams is regulated by changes in the
aylength throughout a synchronization process involving
he circadian system (Howles et al., 1982; Bartness et al.,
993; Goldman, 2001; Lincoln et al., 2006) which drives
he melatonin-production and leads to the annual restric-
ion of reproduction (Arendt et al., 1988). These ﬁndings
re even extended to molecular levels utilizing seasonal
eversible fertility of the Syrian hamster as a model in
hich a range of genes involved in turning off sperm pro-
uction were discovered (Maywood et al., 2009). Moreover,
he sensitivity to photoperiodic signals or the way  these
ignals are conveyed to generate seasonal reproductive
hanges in sheep appears to be different among breeds.
uch difference is associated with genetic characteristics
elated to the latitude of origin (Lincoln et al., 1990; Coelho
t al., 2006; Gómez-Brunet et al., 2008). It means that the
esponse pathway is altered for melatonin that acts within
arget tissues, such as pars tuberalis of pituitary gland and
ediobasal hypothalamus, to affect the seasonal regula-
ion of prolactin and gonadotrophins secretion. In turn,
hese hormones are involved in the seasonal control of lac-
otrophic/metabolic and reproductive alterations (Lincoln
t al., 2003). Seasonal changes in hormonal levels function
s key regulators for spermatogenesis as well as for the tes-
icular mass and size in rams. Short after summer solstice,
oth testicular size and testosterone secretion reach max-
mum peak and are followed by peripheral responses such
s sexual and aggressive behavior (Lincoln and Davidson,
977).
Testes size, usually measured as scrotal circumference
SC), is a very important parameter to evaluate breed-
ng soundness in sheep (Chemineau and Cognié, 1991).
hus, the difference between the maximum and minimum
ize during an annual reproductive cycle can be used as a
arameter to estimate the degree of seasonal variation for
ifferent breeds (Lincoln, 1989). Since SC is an indicator of
he ram’s potential fertility, the minimum recommended is
sed to classify and even to eliminate an animal in breeding
rograms (Bagley, 1997; Seaman, 2004).
Informations about the effects on gonadal function,
hen a high-latitude breed sheep is translocated into
egions of lower latitudes, are very limited especially
n males. Martin and coauthors (1994) emphasized the
mportance of photoperiod on male fertility. They also drew
ttention to the lack of publications in latitudes such as
hose between 35◦ N and 35◦ S where the world’s largest
opulations of sheep are concentrated. Gastel et al. (1995)
nd Bielli et al. (1999) evaluated a Merino–Lincoln cross,
he Corriedale breed, in Uruguay (32◦ S) and found mod-
rate seasonal changes on morphology and function of
esticles. Hötzel et al. (2003) studied rams of ‘mediter-
anean origin’ (Merino) and ‘temperate origin’ (Suffolk) in Research 124 (2015) 68–75 69
Australia (32◦ S) and showed that photoperiod is the main
determinant of seasonality in Suffolk, whereas in Merino
the nutrition overrides the effect of seasonality.
In the subtropical regions of Brazil, the most reli-
able information about seasonal reproduction registered
nearest to the region of the present study (25◦ S) was  per-
formed in the North of the same State (23◦ S). The authors
evidenced seasonal responses in the fertility of black-faced
ewes of ‘temperate origin’ (Hampshire Down), showing
that most of births (73.9%) occurred in winter and spring
(Ribeiro et al., 1996). The work suggests that most females
were fertilized in summer and autumn. Considering that
males approximately follow the synchronicity of females’
oestrus (Thibault et al., 1966; Emlen and Oring, 1977), these
annual changes may  be also perceptive in males of same
breed, exhibiting similar breeding activity. Thus, in order to
reduce the existing gap of information about the latitudinal
effect on seasonal breeds subjected to lower latitudes of the
southern hemisphere, the present study aimed to evaluate
the gonadal function of Suffolk rams kept in a subtropical
region (25◦ S) of Brazil. For this purpose, the magnitude
of variation on testicular size, serum testosterone and
andrological features were evaluated along 1 year using
Suffolk rams kept under intensive system and natural
photoperiod.
2. Materials and methods
2.1. Location and animals
The experiment was  carried out from April to March, over a 12
months period, at the Cangüiri Experimental Farm of the Federal Uni-
versity of Paraná, located at Pinhais-PR, south of Brazil (25◦25′40′ ′ S,
49◦16′23′ ′ W;  altitude 893 m).  Local amplitude of photophase through-
out  the year varies from 13 h44′ (10 h16′ of dark) in the summer solstice
to  10 h33′ (13 h27′ of dark) in the winter solstice, i.e., 3h11′ of differ-
ence between the longest and the shortest day of the year. Climate of
the  region is classiﬁed as Cfb following Köppen Climate Classiﬁcation
System (Peel et al., 2007), with no distinct dry season, summer and
winter well deﬁned and annual variation temperatures from 3 to 18 ◦C
in  coldest months and below 22 ◦C in warmest months. The average
monthly temperatures were provided along the experiment by the local
meteorological station from the Experimental Farm and included in the
study.
Experiments were carried out strictly in accordance with the Ethics
Committee of the Federal University of Paraná. A total of 12 purebred
Suffolk rams 10–13 months old, weighing around 51.5 ±8.5 kg at the
beginning of the experiment with no previous sexual experience were
kept under intensive rearing conditions on natural light/dark cycle and
climate. They were fed a balanced diet based on corn silage and grain mix-
ture, mineralized salt and water for ad libitum intake. Health conditions
were constantly monitored, because of verminosis, by evaluating corporal
condition and the degree of anemic state (FAMACHA© method; Bath et al.,
2001). In parallel, an older purebred Suffolk rams group (about 4 years old,
n  = 3) weighing around 98 kg was evaluated (SC and body mass) under the
same described condition. This evaluation extended for two more months
compared to the study group (see Fig. S1).
Supplementary Fig. S1 related to this article can be found, in the online
version, at http://dx.doi.org/10.1016/j.smallrumres.2014.12.012.
2.2. Experimental designAt each 15-day interval, rams were weighed and scrotal circumfer-
ence (SC) was measured with a ﬂexible tape at the widest circumference
without pressing down the testes. In parallel to SC, the testicular volume
was  estimated by measuring width and length of testes with calipers,
excluding epididymis. To calculate the testicular volume, a basic ellipsoid
uminant70 V. Milczewski et al. / Small R
equation (Granville et al., 1956) was used taking into consideration a
correction factor (k) for the thickness of the scrotum.
a = 4
3
×  × b − k
2
×
[
c − k
2
]2
(1)
where a = testicular volume (ml), b = length of testis (cm), c = width of
testis (cm) and k = scrotum thickness (0.2 cm in this experiment), a
procedure also followed by Prader (1966).
In  order to validate this equation and estimate the testicular volume,
both maximum and minimum sizes of testicles were utilized. At the point
when rams achieved maximum scrotal circumference (3 days after the
average of SC among the animals began to decline), six animals were
euthanatized and their testes were promptly removed. The same was
performed for the remaining six animals when their testes achieved min-
imum size (euthanatized 2 days after the average size of SC among the
rams began to increase). The right side testis was used for accurate mea-
surement of testicular volume, whereas the left one was  kept frozen for
future studies. Testis was  immersed into a 500 ml  Becker ﬁlled with water
and the balance difference was  registered. The thickness of the scrotum
was  also measured with calipers and used as error-correction component
(k)  for the aforementioned equation by extracting the thickness of the
scrotum from the scrotal measurements performed in vivo.
The formula for the calculated testicular volume was  validated by
comparison between volume in vivo and post-mortem, labeled here ‘cal-
culated volume’ (Vc) and ‘measured volume’ (Vm), respectively.
2.3. Testosterone assay
Once a month, in the afternoon, a blood sample was collected from
each ram by jugular venipuncture. Blood samples were allowed to clot
(4–6  h at room temperature) with serum separated by centrifugation
(1200 × g for 10 min). Serum was  stored at −20 ◦C until analyzed. The
quantiﬁcation was  done by enzyme immunoassay by using a poly-
clonal antibody raised against testosterone (R156/7 1 1:7.500 dilution)
obtained from Coralie Munro at the University of California (Davis, CA,
USA), cross reacting with testosterone 100.0%, 5a-dihydrotestosterone,
57.4%, androstenedione 0.27%, and androsterone, dehydroepiandros-
terone (DHEA), cholesterol, oestradiol, progesterone and pregnenolone
<0.05%. TestosteroneHRP conjugate was used at 1:20.000 dilution.
Validation of the method for rams was performed beforehand by demon-
strating parallelism between the standard curve and the curve generated
by  a pool of 56 serum samples of rams diluted serially from 1:1 to 1:216
with EIA buffer [0.04 M sodium phosphate (monobasic, monohydrate),
0.06 M sodium phosphate (dibasic), 0.87% NaCl and 0.1% BSA, pH 7.0]. The
dilutions closest to 50% of binding (1:2 or 1:4) were used for assaying
the samples. Standards were run in triplicate while controls and samples
were run in duplicate. Assay sensitivity was 0.27 nMol/L and the intra-
and  inter-assay coefﬁcients of variations were <10%. After adjustments
for  dilution factor testosterone concentration was expressed as nMol/L.
2.4. Semen evaluation
One ejaculate per ram was collected fortnightly by using an artiﬁcial
vagina and an anestrous ewe as mannequin. Each ejaculate was ana-
lyzed for volume (ml), sperm concentration (×109/ml), progressive sperm
motility (%), weave motion sperm (score 0–5), and sperm vigor (score
0–5).  Volume was measured using graduated pipette and concentration
was  assessed in a 1:200 sperm suspension dilution by using a spectropho-
tometer (Metrolab 330) at a wavelength of 570 nm after setting up a
standard curve (equation: y = 0.0783x + 9.2671, R2 = 0.97,) by comparison
to  the hemocytometer chamber method. Motility parameters (progres-
sive motility, vigor, and weave motion) were assessed according to Evans
and  Maxwell (1987). For sperm morphological analysis, an aliquot of raw
semen was  ﬁxed in formalin citrate solution (1:200), smeared onto a glass
slide and air-dried and stained (Cerovsky, 1976). A total of 200 cells per
slide was evaluated under optical microscopy (Olympus BX 50) (×1000)
and pleiomorphic forms were categorized according to Blom (1972).
2.5. Statistical analysisThe original data consists of 12 replications per collection (given by
the total number of rams) from April to July and 6 replications from August
to  March. However, only the data on 6 rams that were kept alive during
the  entire experiment were analyzed as repeated measures along 1 year. Research 124 (2015) 68–75
Then, the monthly data were grouped by season, i.e. 3 months per season,
amounting to 6 collections per season, per animal.
An  ANOVA model for repeated measures (Davies, 2002) was used for
each parameter (corporal mass, scrotal circumference, testicular volume,
serum testosterone, ejaculate volume, sperm concentration, progressive
sperm motility, sperm vigor, wave motion sperm and total sperm defects).
The proposed model is given by:
yij = m + j + i + eij
where yij is the response of animal i in time j, i = 1, . . .,  n j = 1, . . .,  t,  is the
total mean,  j is the ﬁxed effect of time j, i corresponds to the random
effect of the ith animal constant in all times and eij is the random error. The
model assumptions are that i∼N(0, 2) and eij∼N(0, 2e ) independently
from each other. The ﬁxed effects satisfy the zero sum condition
∑t
j=1j =
0.  It then follows that, Var(yij) = Var( + j + i + eij) = 2 + 2e , Cov(yij ,
yi′ j) = 0, i /= i′ i.e. there is independence between different animals and
Cov(yij, yij′) = 2 , j /= j′ i.e. there is dependence between the (repeated)
measures for each animal in different times. So, the covariance matrix for
the vector yi = (yi1,. . . , yit)′ is given by,
˙i = (2 + 2e )
⎡
⎣
1 · · · 
.
.
.
. . .
.
.
.
 · · · 1
⎤
⎦
where  = 2/(2 + 2e ) = Corr(yij, yij′).
The null hypothesis is that there is no difference along the seasons.
This hypothesis was tested using an F test with (t − 1) and (n − 1)(t − 1)
degrees of freedom. However, in a repeated measures ANOVA if the null
hypothesis is rejected a further statistical test (Mauchly’s test or sphericity
test) is required to validate the analysis (Mauchly, 1940). In Mauchly’s test
the null hypothesis is that the variances of the differences yij − yij′ are the
same for all individuals, i.e. H0: Var(y1j − y1j′ ) = . . . = Var(ynj − ynj′ ), for all j,
j′ . If the null hypothesis is rejected in Mauchly’s test, modiﬁcations need to
be  made to the degrees of freedom of the F test which now take the form
ε(t − 1) and ε(n − 1)(t − 1) where 1/(t − 1) ≤ ε ≤ 1. For the correction, ε is
estimated using the sample covariance matrix proposed by Greenhouse
and Geisser (1959). In this paper we performed the following steps to
analyze the data,
1. Perform the F test for the repeated measures ANOVA.
2. If the null is accepted we conclude that there are no differences
between seasons, otherwise if it is rejected, we  estimate ε.
3. Finally, to determine which means were signiﬁcantly different from
each other Tukey’s multiple range test was used.
Sample correlation coefﬁcients were calculated between and within
environmental and reproductive variables, by season. For this, all animals
were considered, i.e., 12 rams from April to July and 6 from August to
March. When testing for correlation, the null hypothesis was that there is
no  linear correlation and a small p-value thus indicates evidence against
the no correlation hypothesis.
All analyses presented here were done using the free package ‘R’ (R
Development Core Team, 2011).
3. Results
Under sphericity assumption, results of ANOVA anal-
ysis (Table 1) showed that F-tests and their p-values
were insufﬁcient (p > 0.05) to reject H0 for wave motion
sperm, sperm vigor, progressive sperm motility and total
spermatozoa defects. This means that no signiﬁcant dif-
ferences were detected for these parameters between
seasons. For all other parameters in which F-tests were
signiﬁcant (p < 0.05), the further approaches of Mauchly
and Greenhouse & Geisser (G & G) were considered. For
sperm concentrations, testicular volume and body mass,
Mauchly’s test (W)  showed no evidence to reject sphericity
since p values were greater than 0.05. However, ejaculate
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Table  1
Results of repeated measures ANOVA of seminal parameters, body mass, serum testosterone and testicular size of 6 Suffolk rams kept under natural
inﬂuence of photoperiod during 1 year (latitude 25◦25′40′ ′ S).
Mauchly G & G
Effect F p p < 0.05 W p GGεb p[GG]
Wave motion sperm
(Intercept) 167.480 0.000 *
Season 1.145 0.363 – – – – –
Sperm  vigor
(Intercept) 600.575 0.000 *
Season 0.426 0.737 – – – – –
Progressive sperm motility
(Intercept) 1895.618 0.000 *
Season 1.232 0.333 – – – – –
Total  defects
(Intercept) 316.664 0.000 *
Season 2.816 0.075 – – – – –
Sperm  concentration
(Intercept) 63.437 0.001 *
Season 17.861 0.000 * 0.214 0.347 – –
Testicular volume
(Intercept) 643.982 0.000 *
Season 44.624 0.000 * 0.108 0.154 – –
Body  mass
(Intercept) 442.916 0.000 *
Season 149.449 0.000 * 0.072 0.092 – –
Ejaculate volume
(Intercept) 189.944 0.000 *
Season 8.575 0.001 * 0.042 0.044a 0.643 0.007
Serum  testosterone
(Intercept) 52.432 0.001 *
Season 16.200 0.000 * 0.006 0.002a 0.561 0.001
Scrotal  circumference (SC)
(Intercept) 4681.465 0.000 *
Season 23.844 0.000 * 0.031 0.029a 0.542 0.000
T  Geisser
v
d
i
3
t
m
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p
V
(
t
H
t
i
3
test statistics and p-values for the F-test, Mauchly (W)  and Greenhouse &
* Signiﬁcance level is  ˛ = 0.05.
a Failed sphericity condition.
b ε denotes estimates.
olume, serum testosterone and SC failed sphericity con-
ition (p < 0.05), so the hypothesis was tested using G & G
n which p values were less than 0.05 (Table 1).
.1. Estimation of testicular volume
The mean values of testicular volumes calculated by
he ellipsoid equation showed similar results to those of
ean volumes obtained by the displacement of water dur-
ng immersion of testis in the Becker. By using the equation
roposed, no difference (p < 0.05) was observed between
c and Vm,  in both group of testes sampled at the peak
March: Vc = 255.30 ± 17.50 and Vm = 254.42 ± 19.78) and
rough (July: Vc = 105.50 ± 16.08 and Vm = 109.17 ± 11.66).
owever, to achieve this result, the thickness of each scro-
um (0.2 cm)  had to be subtracted in Vc by a k value (0.4 cm)
ncluded in the ellipsoid equation..2. Testicular size and body mass
Differences in SC and testicular volume were recorded
hroughout the year (Table 1). The lowest mean values (G & G).
for the 6 animals analyzed statistically were detected in
autumn and winter; (p < 0.05; Table 2) varying from 26.5 to
36.8 cm (data not shown), while the larger sizes occurred
in summer (p < 0.05; Table 2) varying from 34.0 to 40.5 cm
(data not shown). Considering the 12 animals, in July, indi-
vidual values of SC ranged from 23.0 to 31.5 cm (data not
shown) totaling 83.3% of animals with testes size lower
than 33.0 cm (SD 2.56), which is the minimum value recom-
mended for a ram with 14–28 months age according to the
Brazilian College of Animal Reproduction (1992). It is par-
ticularly interesting to note the synchy of changes in scrotal
measures occurred among the animals. This was  evidenced
by the onset of growth or regression of the testes, which
occurred in the same fortnight for all rams evaluated, indi-
cating that the testicular tissue is continually growing or
involuting according to the time of the year.
There was  a signiﬁcant correlation between daylength
and testicular size. Values of SC and testicular volume were
signiﬁcantly correlated to the mean values of photoperiod
(r = 0.62, p < 0.001 and r = 0.68, p < 0.001 respectively). Like-
wise, photoperiod was signiﬁcantly correlated to the mean
values of environmental temperatures (r = 0.79, p = 0.002).
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Table 2
Mean seasonal values of body mass, testicular size, serum testosterone and semen parameters (±standard error) from Suffolk rams (n = 6 from April to
March) under natural inﬂuence of photoperiod (latitude 25◦25′40′ ′ S).
Parameters Season
Autumn Winter Spring Summer
Body mass (kg) 55.79 ± 1.80A 65.82 ± 1.82B 73.62 ± 1.99C 80.04 ± 1.86D
SC (cm) 31.54 ± 0.68A 30.57 ± 0.45A 33.97 ± 0.36B 37.39 ± 0.37C
Testicular volume (ml) 236.0 ± 15.97A 263.4 ± 11.60A 380.0 ± 14.96B 519.9 ± 16.06C
Testosterone (nMol/L) 1.82 ± 0.31A 1.30 ± 0.18A 5.41 ± 1.07B 8.36 ± 1.37C
ABC 0.81 ± A BD CD
2.33 ±
ifferent Ejaculate volume (ml) 1.06 ± 0.05
Sperm concentration 2.78 ± 0.36AC
For each line, means without a superscript in common are signiﬁcantly d
Body mass increased signiﬁcantly from autumn to sum-
mer  (p < 0.05) (Tables 1 and 2). As for SC, it showed lower
size in autumn and winter and increased signiﬁcantly in
spring, achieving the peak in summer, after summer sol-
stice (p < 0.05) (Table 2 and Figure 1). It was observed that
from the beginning of the experiment (autumn) towards
the time in which SC achieved the minimum size (winter)
the mean values of SC involution was of 4.8 cm despite the
signiﬁcant gain in body mass (8 kg) (data not shown).There
is evidence of correlation between SC and body mass, but
importantly, no testicular growth occurred signiﬁcantly
until spring (r = 0.68, p < 0.001 ; Table 2).
3.3. Serum testosterone
Mean values of serum testosterone changed along
the year increasing during spring and summer (p < 0.05)
(Tables 1 and 2). The minimum levels of serum testosterone
occurred in autumn and winter, and maximum in sum-
mer  coinciding with the decrease and increase of testicular
size (SC and testicular volume) (Figure 1). Signiﬁcant cor-
relations between testosterone levels and both SC (r = 0.52,
p < 0.001) and testicular volume (r = 0.59, p < 0.001) were
detected. The same was true for other parameters such
as the mean values of environmental temperature and
photoperiod in relation to testosterone levels (r = 0.68,
p = 0.01487 and r = 0.53, p < 0.001 respectively).
3.4. Seminal parameters
Out of the 216 attempts to collect sperm, 210 (97.22%)
were successful considering all 12 rams. Among the
evaluations performed, ejaculate volume, and sperm
concentration varied signiﬁcantly according to season
(p < 0.05; Table 1). Ejaculate volume was lower in winter,
but showed no difference with autumn, and it was higher
in summer without difference with spring (Table 2). The
proﬁle of ejaculate volume values was correlated to SC
(r = 0.38, p < 0.001), testicular volume (r = 0.37, p < 0.001),
photoperiod (r = 0.45, p < 0.001), and serum testosterone
(r = 0.60, p < 0.001). As for sperm concentration it showed
weak correlation with both SC (r = 0.18, p = 0.088) and tes-
ticular volume (r = 0.20, p = 0.06) and the variation along
the year depicted higher values during spring and lower in
other seasons (p < 0.05; Table 2).
The data set analyzed in the present work provides
evidences for the annual cycling of many reproductive 0.07 1.20 ± 0.08 1.27 ± 0.10
 0.28AD 3.66 ± 0.35B 2.53 ± 0.18CD
from each other according to Tukey’s test (p < 0.05).
parameters in Suffolk rams but with minor variations on
semen quality among seasons.
4. Discussion
In this study we veriﬁed that a group of high-latitude
purebred rams, when reared at lower latitude (25◦ S),
exhibited annual cycling of testicular size and testosterone
titles. However, from the andrological features here ana-
lyzed, only ejaculate volume and sperm concentration
followed a seasonal proﬁle.
The decrease on SC of Suffolk in winter, when mini-
mum  size was observed in opposition to summer, was also
evidenced by Mickelsen et al. (1982) in the northern hemi-
sphere (United States) with peak in summer and trough
in winter. Similar results were obtained with Corriedale
rams by Gastel et al. (1995) in the southern hemisphere
(Uruguay), although this breed is considered beforehand
moderately inﬂuenced by season. They also showed peak
of SC in summer and trough in winter.
Taking into account that a multitude of environmental
variables besides photoperiod can ﬁne tune the expres-
sion of annual rhythms by intensifying or reducing or even
delaying or advancing the responses (referred as masking
effects), differences may  be expected among works using
same breed but evaluated without controlled conditions of
environmental variables (Marques and Waterhouse, 1994;
Paul et al., 2008). In fact, Dickson and Sanford (2005)
reported in Suffolk rams maximum SC size in autumn
(36.1 cm)  and minimum size in spring (30.0 cm)  at lati-
tude 50◦ N. This is evidence that occasionally the peak
may  change from middle or late summer to fall, and the
trough from winter to spring. In addition, the difference
between minimum and maximum values of testicular size
(amplitude) along the year can also diverge among stud-
ies. Considering the aforementioned ones, it was larger in
our work. However, has the gain in body mass inﬂuenced
testes size? In fact, the reduction in SC size from autumn
to winter was  not sufﬁcient enough to disrupt the corre-
lation of SC with body mass. These results suggest that
during the months of July to March the testicular growth
can be favored by the increasing of body mass, but this
does not mean that there is no intrinsic factor involved
in the cyclicity of testicular size. Rather, it suggests that
this phenomenon can be modulated by another parame-
ter such as nutrition. Furthermore, in order to evaluate the
effectiveness of cyclicity in the size of SC we  could com-
pare our data with another group of rams aged around
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vig. 1. Size (mean ± standard error) of scrotal circumference and serum
nﬂuence of photoperiod (latitude 25o25′40′ ′ S) with minimum and maxi
 years old and initial body weight of around 98 kg (Fig.
1). They were evaluated at the same time as the group
f the present study, with two extra months. A cyclical
attern of testicular size occurred in the group of older
ams showing similarity to the group of younger rams. Note
hat these animals also increased body mass (23 kg in 14
onths) until second half of the experiment and achieved
teady state in the end. In fact, positive correlation between
ody mass and SC were detected from July to December
winter to spring) but not from January to May  (summer
o mid-autumn) (Figure S1). With these animals, the tes-
icular measurements were taken for 2 months beyond
he peak of testicular growth. This revealed that SC size
eturned to similar values of the beginning of the experi-
ent with an average of 34.5 and 34.7 cm at the ﬁrst and
econd year of study, consecutively. This fact leads us to
elieve that the annual cyclicity of SC size in Suffolk rams
s a faithful event and its correlation with body mass points
ut that there is a modulation process involved, probably
y nutrition, during the time that testicles are growing.
imilar response on annual cyclicity of testicular size in Suf-
olk was observed at latitude 32◦ S (Australia) by Hötzel
t al. (2003) and Martin et al. (2002) and in Corriedale
ams by Bielli et al. (1999) in latitude 32◦ S (Uruguay).
hese authors suggest that the decreasing photoperiod
n testicular size of Suffolk rams can be completely out
f phase compared to changes in body mass, predicting
he involvement of an intrinsic factor that enables the
egression of testicular size. However, Suffolk responds
ositively under food supplementation during the repro-
uctive season, increasing body mass and SC (Hötzel et al.,
003).
Beyond the scrotal circumference, the measure of tes-
icular volume revealed an efﬁcient way to evaluate
esticular size. Based on our results with volume, signiﬁ-
ant correlation between calculated volume and measured
olume provided high conﬁdence in the method used.terone levels of Suffolk rams (n = 6 from April to March) under natural
ylength representing winter solstice (A) and summer solstice (B).
We  observed in the present work that testosterone
levels started to increase signiﬁcantly in spring reaching
maximum rates in summer, such as SC. In accordance to
our results, D’Occhio and Brooks (1983) found testosterone
peaks during summer for Suffolk rams in Australia (32◦ S).
On the other hand, Dufour et al. (1984) and Mandiki et al.
(1998b) found the same feature during fall at higher lati-
tudes. It is important to notice that positive correlations
between testosterone and changes in behavior, such as
dominance, aggression and libido, have been demonstrated
(Schanbacher and Lunstra, 1976; Lincoln and Davidson,
1977). We  have not attempted to study such behaviors.
Under non-controlled environmental conditions pho-
toperiod may  combine to other variables such as
temperature, rainfall, social relationships and food avail-
ability (Vivien-Roels and Pévet, 1983; Paul et al., 2008).
In our work, the annual range of temperature was signif-
icantly correlated to the variation on photoperiod, which,
in turn were also correlated to parameters such as scro-
tal circumference, serum testosterone levels and ejaculate
volume. However, the inﬂuence of temperature on semen
parameters cannot be conclusive. In fact, it is known that
semen quality can decline in rams exposed to a daily
high ambient temperature especially during the breeding
season (Curtis, 1983). This could be a possible explana-
tion for the sudden decrease on sperm concentration in
the present study in summer. We  expected no variation
of sperm concentration from spring to summer. January
had 81% days with higher than average high temperatures
(28 ◦C), achieving 34 ◦C, and in February and March, 32
and 31 ◦C respectively (data not shown). This seems to be
a case of direct effect of high temperature (i.e., masking
effect) on semen quality, although other semen parameters
were not affected. On the other hand, climatic conditions
do vary annually and this statement would be more pre-
cisely explained by repeating measures in the animals for
at least three annual cycles.
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According to our results, sperm production was  not as
variable as year-round changes observed in testicular size
and testosterone levels. A critical issue for understanding
the effect of the natural change in testicular function is to
conceive how this phenomenon can inﬂuence semen char-
acteristics. Although moderate, we found that the variation
on ejaculate volume and SC were statistically correlated to
each other, and both, to photoperiod. At least for ejaculate
volume the literature points out that it is associated to sea-
son (Kaﬁ et al., 2004; Gündogan, 2007; Sarlós et al., 2013)
and follow the testicular cycle (Dufour et al., 1984). Suf-
folk breed, in particular, have shown divergent results. Like
here, Dufour et al. (1984) in Canada veriﬁed that smaller SC
values were coincident to lower ejaculate volume. On the
other hand, Dickson and Sanford (2005) in higher latitude
(50◦ N) observed that sperm production and testicular mass
were not signiﬁcantly correlated in winter during testes
involution. They postulate that extragonadal sperm may  be
involved in supplying sperm. A closer examination, how-
ever, shows that the apparent contradictory results among
these works may  reﬂect, at a certain degree, the inﬂu-
ence of extra factors possibly given by local environment.
This would also explain variations observed in other semen
parameters through the year such as vigor, spermatozoa
motility, sperm concentration and weave motion sperm,
which do not always follow a seasonal pattern. In the
present work, these parameters also did not vary when
they are compared between low-season (winter) and high-
season (summer) of breeding. This agrees, for example,
with previous reports in rams in which spermatozoa motil-
ity were analyzed (Mickelsen et al., 1981; Mandiki et al.,
1998a). Equally important is the evaluation of abnormality
of sperm morphology along the year as a possible effect of
this natural change of animal fertility. High rates of abnor-
mality were observed in Suffolk during low reproductive
season by Mickelsen et al. (1981) in United States. Inter-
estingly, we found no statistical effect of season on sperm
morphology. The percentage of abnormality remained at
an acceptable rate.
5. Conclusions
Overall, our results illustrate that SC and testosterone
values of Suffolk rams vary along the year. These param-
eters tend to be higher in summer and lower in autumn
and winter. This demonstrates that there is a synchroniza-
tion process involved in the reproductive tissues of these
animals that can be evidenced even at lower latitudes of
Southern hemisphere (25◦ S). Animals reared under inten-
sive system and supplied by standard food ad libitum,
underlie testicular regression in autumn towards winter
and size recovery in spring to summer. The evidence that
this is a cyclical pattern is the decline of testicular size
observed in older rams into the following autumn. SC less
than 30 cm can be considered a normal parameter for Suf-
folk rams at 14–18 months of age during the winter months
in the present latitude. Semen parameters are not adversely
affected by season, except by the volume of the ejaculate
that decreased during winter and the sperm concentration
that increased in spring. Research 124 (2015) 68–75
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